With the observation of volume expansion and Cu-d band narrowing at the grain boundary, they attribute the decrease of the work needed to cleave the Cu Σ19a grain boundary fully to the large atomic size of Bi. This conclusion, however, is based on an
incomplete approach. According to Rice-Wang theory, 3 the potency of a segregation impurity in reducing the work needed to cleave a brittle boundary is a linear function of the difference in binding energies for that impurity at the grain boundary and the free surface. Thus, without bond stiffing and charge transfer, the nature of the Bi-Cu chemical bonding can still play a significant role in the brittle fracture of the grain boundary.
We have recently developed a phenomenological theory to separate the atomic size effect from the chemical contribution for substitutional impurities at the grain boundary in metals. 2 In our theory, the change of the work of grain boundary separation, ∆W sep , upon impurity segregation can be expressed as 
